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Breakthrough technology 
enables ART to optimise 
aluminium nitride for 
electronics 
Roy Szweda, Associate Editor 
Advanced Refractory Technologies, Inc.‘s (ART) family of powder fillers based on Ill-V material 
aluminium nitride (AIN) will enhance applications in electronics not through some novel new device 
but rather through improved thermal management of existing ones. The Buffalo, NY, based 
company’s advanced materials are proving very popular with engineers tackling the ever increasing 
heat loads of electronics products such as PCs and mobile phones. ART’s AIN A500 powders are 
bringing the thermal conductivity advantages of AIN but with considerable savings thereby 
enhancing the market for this branch of Ill-V materials. 
F or a long time electronics engi- neers have been wishing for a new material which would en- 
able them to overcome the heating 
problems created by high performance 
electronic circuitry. An electronic cir- 
cuit will soon self-destruct if the heat 
generated by its components exceeds 
operating temperature. It is therefore 
vitally important to efficiently remove 
the heat generated to maintain room 
temperature. This is usually done by a 
combination of heat sinking, i.e. 
mounting a copper-based finned unit 
on top of the device package, and in- 
stalling a motor-driven fan in close 
proximity. Such arrangements can be 
seen inside virtually all modern PCs. 
The majority of electronic circuits 
in PCs and similar equipment are 
based on a printed circuit board 
(PCB) of some kind. PCBs are fabri- 
cated in the many millions of square 
inches annually. Electrical connec- 
tions between components are made 
via copper plated onto the plastic. 
PCBs are capable of withstanding 
fairly high temperatures, but in the 
main they are not especially efficient 
hgure 1. A500 AN filler comes in many shapes and sizes. 
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Jab/e 7 Substrate packaging mater!als and thev propertres 
Alumina AIN Beryllia GlasslGL-CER Cordierite Mullite ART ANG-G ART ANC-P 
Thermal 25 180 250 l-5 3 4 25-45 25-45 
conductivity 
(W/mK) 
CTE (10 -6°C) exp 6.5 4.3 7.2 3 2 4.5 4.3 4.3 
Thermal shock 5 3 5 1 2 2 2 2 
Resistance 
(l-high 5-10~) 
Dielectric 9.4 8.8 6.8 5 4.6 7.0 5-7 5-7 
constant 
(@ 1 MHz) 
Electrical lOi 1o13 lOI lOI 1o15 lOI 1o14 1o14 
resistivity 
(ohm-cm, RF) 
Strength (MPa) 400 420 240 175 120 200 70 70 
Relative cost lx 4x 5x IX lx IX 1.5x IX 
thermal conductors. This is not a pro- 
blem for a good proportion of electro- 
nic circuitry made today. When 
combined with heat sinks and fans 
the PCB will usually last for the life- 
span of the equipment. However, 
leading edge electronic components 
such as microprocessors, are running 
ever hotter to the point that the basic 
PCB is becoming uns:atisfactory. 
Power devices such as FETs and laser 
diodes are also especially prone to 
malfunction or shortened operational 
lifetime without good thermal man- 
agement. 
Cost is\ of paramount importance 
in the mass production of electronic 
goods and one of the attractions of 
the PCB is its cost competitiveness in 
comparison with many other materi- 
als. It would be fair to say that the suc- 
cess of the modern electronic industry 
is to a large extent built on this fact. 
But with progress in electronic circui- 
try taxing the conventional PCB to its 
limit designers are becoming increas- 
inglv interested in alternatives. There 
are alternatives but these have usually 
adversely affected the production cost 
budget and have been rejected. De- 
signers and engineers spend a large 
proportion of their time battling with 
the problem and have adopted some 
very ingenious solutions over the 
years. 
US company ART is one of the 
companies which have been very 
mindful of these problems and has 
for some years been looking to pro- 
vide a cost-effective solution. ART is 
a privately-held company established 
sixteen years ago and specialises in 
the manufacture of advanced non- 
oxide ceramics and specialty coatings. 
These materials are used not only by 
the electronics industry but also bv 
structural, nuclear, automotive, aero- 
space and composites industries. Re- 
cently, we spoke to David Matthew, 
ART’s Director of Sales, to find out 
more about how the new family of ad- 
vanced AlN powders fillers was find- 
ing favour in the electronics industry. 
We were especially interested in the 
genus of the material and how ART 
had achieved their ‘breakthrough’ in 
materials technology for advanced 
plastics materials. 
“Just over two years ago the efforts 
of several funded research contracts 
culminated in the family of AlN fillers 
for polymeric matrices. Further fund- 
ing followed to assist with develop- 
ment. This proved very successful and 
we quickly built on this work in re- 
sponse to excellent initial customer re- 
action. ART takes pride in 
collaboration with customers in order 
to develop specific applications for 
A500 and other materials. 
“Our family of AlN fillers has been 
meeting with even greater enthusiasm 
than we had dared hope and since it’s 
launch in summer 1995 has been taken 
up in one form or another by many of 
the world’s electronics companies. We 
developed it in response to a need that 
was voiced over and over again so in 
this respect its success is not surpris- 
ing. 
“Enginckrs wanted better eco- 
nomics from ,91N powder fillers for 
better thermal management. The 
A500-FX uses specially developed 
manufactuting technology we had 
been working on for some years. This 
is the key factor in our being able to 
keep prices very competitive - we es- 
timate these to be the lowest world- 
wide for these kinds of materials. 
Better still this has promoted the take 
up of these materials into other areas 
previously not open to us. The incred- 
ible thermal conductivity of AlN can 
now be more broadly utilised with a 
whole range of plastics. It has other 
key features which are very attractive 
to engineers in many disciplines. It 
not only has low thermal expansion 
and high electrical resistivity but also 
excellent corrosion resistance and 
good shock resistance and light 
weight. 
“High thermal conductivities (TC) 
had heretofore been unattainable via 
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traditional AlN preparation. How- 
ever, the filled polymer was but the 
first step in achieving high TC. ART 
has also developed what are termed 
AlN composite (ANC) materials where 
a porous AlN plate is filled with a poly- 
mer. This innovation with regard to 
AIN has produced a material with 
truly remarkable properties, one 
which will create even more interest 
in these materials. ART has combined 
the AlN with polymer to make a com- 
posite material with very favourable 
dielectric properties. The ANC has a 
dielectric constant of 5-7 and a CTE 
close to that of silicon and good elec- 
trical resistivity. 
“Evaluation of these materials has 
shown an increase in thermal conduc- 
tivity from 0.2 WjmK for the base 
polymer to over 4 WjmK for the filled 
system. This means a twenty-fold im- 
provement. Receni research indicates 
that mixtures of various particle sizes 
and shapes may improve the thermal 
conductivity relative to that provided 
by any single morphology. The meth- 
od of incorporating the AlN into the 
polymer also plays a role in the ulti- 
mate thermal conductivity achieved. 
To illustrate, by accommodating a 
rigid polymer filled AlN (ANC) sys- 
tem ART has shown thermal conduc- 
tivities exceeding 40 WjmK. 
“The debut of the A500 family has 
catalysed the market expansion of AlN 
which had been predicted by industry 
experts for some time. Filler markets 
for AlN - especially when moulding 
compounds are included - could ex- 
ceed the present world AlN market 
size by a factor of 5 or 10 times.” 
At $50/lb, only electronics applica- 
tions can tolerate the cost of AlN but 
even here take-up has been less than 
startling. If the price can be brought 
down significantly - say down to 
$lO/lb - then the market would open 
up and challenge other materials such 
as ‘Sic, BN and alumina. (SeeTable 1 for 
principle characteristics of these mate- 
rials). This has been achieved by ART 
for its A500-FX in > 10 ton quantities. 
“The A500 powders are enabling 
electronics manufacturers to obtain 
filled polymer systems demonstrating 
ability to remove the ever increasing 
heat loads posed by the newer genera- 
tion electronics devices.” 
As one might expect, the manufac- 
turing process for the A500 AlN pow- 
ders is proprietary. It is, however, 
based on the same processes ART has 
used before but with new low-cost ma- 
terials. 
The A500 fillers are finding ready 
application in a growing range of ap- 
plications. These include moulding 
compounds, thermal greases, gaskets, 
thermal blankets, adhesives and pre- 
forms - see Figure 1. Electronics ap- 
plications include substrates for 
packaging, insulators for switches 
and other components, high perfor- 
mance gaskets, radar windows and so 
on. 
“The A500 powders come in three 
standard sizes: 20 l.tm/finer for auto- 
matic dispensing type application, 
50 l.tm/finer for improved thermal 
conductivity where thin bond line tol- 
erance must be maintained, and 
150 l.tm/finer where tolerances for lar- 
ger particle sizes are OK in order to 
achieve the very best thermal conduc- 
tivity.” 
The adjacent scanning electron 
microscope (SEM) photograph shows 
crystal type and size (Figure 2). 
According to Matthew, ART has 
conducted trials with a wide range of 
different polymeric matrices: “The 
AlN has been incorporated in most 
polymers with low viscosity build en- 
abling fairly high loadings.We can also 
provide customised, value-added 
forms of the A500 such as material that 
is specifically sized or treated. 
“Avery interesting new form of this 
iB the development of water-resistant 
AlN to a near waterproof material. 
This is very exciting because up until 
now the moisture sensitivity of AlN 
has caused some difficulty with cer- 
tain applications - the nitride reacts 
with water to produce ammonia gas. 
We have conducted extremely difficult 
tests for moisture stress - so-called 
highly-accelerated stress testing or 
HAST - can be passed with this form 
of AlN. We have also subjected the ma- 
terials to a 85”C/85% RH for over 600 
hours and found no deterioration in 
them. This is extremely important for 
figure 2. SEM photograph showing detail of 
A500 A/N powder fillers. 
the electrical moulding compound 
market. This is the largest market sec- 
tor for these materials at the moment.” 
This intriguing variation on the 
theme of III-V electronic materials 
clearly has a great future. This may 
only be limited by the imagination of 
the materials scientists and engineers. 
In this context it will surely prove an 
attractive complement to a wide range 
of III-V-based power devices. This has 
a novel perspective insofar as we 
would have a III-V device performing 
optimally and cost-effectively by vir- 
tue of a related III-Vmaterial albeit by 
exploitation of entirely different prop- 
erties. However, given the somewhat 
inferior thermal characteristics of sili- 
con-based devices it is likely that this 
device market is most likely to be the 
first to benefit from the A500 family of 
thermal management products. 
Contact: 
David Matthew 
Advanced Refractory Technologies, Inc. 
699 Hertel Avenue 
Buffalo, NY 14207 
USA. 
Tel/fax: +1716 875-4091/-0106. 
E-mail: dmatthew@art-inc.com 
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